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CONCERNING  THE  PRODUCQTON  OF  SINGLE  CRYSTALS  OF  GERMANIUM- SILICON  ALLOYS 

[Ihis  is  a  translation  of  an  article  written  by  I. 

Ni  Beolktirova,  M*  G.  Kekua,  D  A  Petrov,  A.  D* 

Suchkova  >  in  la  Ak  Nauk  SSSR,  Otdel*  Tekh  Nauk, 

Metallurgiya  i  Toplivo  (News  of  the  Academy  of 
Sciences  USSR,  Department  of  Technical  Sciences, 

Metallurgy  and  Fuel),  No  1,  Moscow,  pages  9-12*] 

The  development  of  new  fields  of  modem  technology  such  as 
automation,  radio-electronics  and  telemechanics  depends  a  great 
deal  on  the  production  of  semioonductor  materials  and  on  their 

properties.  , 

Among  semiconductor  materials  of  special  importance  are 
alloys  of  the  well-known  semiconductors  germanium  and  silicon. 

Continuous  variation  in  the  width  of  the  foroidden  zone 
[1,  2],  carrier  mobility,  resistance  to  thermal  effects,  etc., 
make  it  possible,  by  constructing  certain  instruments,  to  choose 
material  with  the  necessary  properties  combining  the  advantages 

of  silicon  with  those  of  germanium. 

In  connection  with  the  above  there  is  the  very  important 
problem  of  obtaining  and  studying  monocrystals  of  germnium- 
silicon  solid  solutions. 

The  well-known  method  of  growing  crystals  consists  of 
pvdling  them  out  of  a  melt  by  means  of  a  seed.  This  method  had 
been  successfully  employed  with  germanium  and  silicon.  However 
for  growing  monocrystals  from  a  solid  solution  it  is  necessary 
to  make  essential  modifications  in  view  of  the  difficulty  of 
obtaining  homogeneous  crystals  [J]. 

The  literature  is  lacking  in  information  on  methods  for 
obtaining  monocrystals  from  germanium- silicon  solid  solutions. 

Davis  and  De  ffers  [k]  obtained  large-crystal  ingots  of 
alloys  of  widely  varied  composition  by  slow  cooling  of  the  melt 

at  a  rate  of  2°  per  hour.  ■ 

B.  P.  Mitrenin  and  N,  Ye*  Troshin  [5]  pointed  out  that  they 
succeeded  in  obtaining  homogeneous  large -crystal  ingots  of  alloy 
by  zone  melting, 

IWo  methods  are  described  below  which  we  investigated  in 
order  to  obtain  monocrystals  from  a  germanium- silicon  melt.  One 
of  them  is  similar  to  the  Davis  method.  The  other  one  uses  the 
principle  of  continuous  feeding  of  the  melt  [6], 

In  order  to  cajcry  out  the  experiments  the  authors  of  the 
present  work  were  supplied  with  especially  constructed  equipment 
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'  (Fig*  1  a»^  2) 


Fig«  1* 

V&cu®  appa».t«s  for  growing  monocrjFMn  of  Ge-Si  alloy  using  con- 
tlimms  feeding  of  the  saxt*  (in  apem^toa) 


-mthod  of  slow  cooking  of  the  melt,  ^  prepared  Ingot 
touted  IB  S^Se^;^  In 

Me’'W3St  4Bi]:f6mt«;r0  at  its  lower  region.  tsEgieratxtre  w&e 

»r«teo'Us4  by  asms  of  too  the!»coi».\es  whoso  June  J  ons  were 
i  ends  of  tte  tube.  melt  ^ 

Sat  teweratare  for  a  period  of  Jof 

W  -feis  «©tfeod  Boaocrystals  of  gerraardm-slllcon  laal^  of 
various  c«®osttioia8  were  ottalned,  with  Oa5“5  at  * 
silicon  Biotoginphs  of  the  J  L^S 

errstalMne  ssisples  ohtaiaed  are  shown  helow  (^*S*  3aj 
xJmy'mmiysis  of  ©as^ple  1  showed  crystal  growth  of  tfea  (lOO) 

orien'tatlon  (Fig  ^)* 


* 
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Fig.  2. 

Vacuum  apparatus  for  growing  monocrystals  of  Ge-Si  all.oy 
with  continuous  feeding  of  the  melt,  (open  view) 

Table  1  gives  the  results  of  investi^tion  of  three  monocrystals. 
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^  starting  material  was 


low  q.uality. 
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As  is  apparent  from  the  table  above ,  monocrystals  obtained 
bv  slow  cooling  are  rion-homogeneous  in  composition!  a  gradient  can  ^ 
bo  observed  in  the  distribution  of  silicon  and  in  the  electrical  resis¬ 
tivity  from  Uie  upper  part  to  the  lower,  _  _ 

A  Scarp  decrease  is  also  observable  in  the  yariatx cn  ol 
minority  carrier  mobility,  which  regularly  corresponds  to  a  ebangs 
in  the  distribution  of  silicon  along  the  length  of  the  monocxystals . 


. f . 1 

N.?  I 


"  >0  30  40  W  60  30 

length  mm 

lig.  8. 

Curves  of  the  variation  of  specific  resistivity  in  ohm 
cm,  along  the  length  of  the  monocrystals  obtsdned  by  con¬ 
tinuous  feeding  of  the  melt, 

A  method  for  p-all.ing  crystals  of  a  solid  solution  oy  feeding 
the  mejt.  Mcnoczystals  of  a  solid  solution  of  genoanliaa  and  silicon 
w*ere  obtained  by  tMs  aiethod  in  the  vacuusi  apparatus  shown  in  Fig.  1. 
^’’ae  nain  body  of  the  apparatus  is  enclosed  in  a  water  cooled  cylinder 
upon  which  is  placed  the  upi^er  pe.rt  of  the  apparatzis  that  contains 
the  revolving  and  vertical  movement  raecbanissns,  Ixi  Fig,  2  the  inner 
construction  of  the  appara.tus  is  visible.  A  graphite  heater,  into 
which  the  quarts  crucible  is  placed,  is  connected  to  the  copper 
cj-acaps  of  a  current-carrying  electrode.  _ 

Hic  upper  part  is  showxx  separs-taly,  wltii  two  rods.  One^of  them 
cs.rriss  the  feeding  ingot  and  tlie  other  carries  the  rnonocrystalline 

In  the  lover  part  of  the  operatiixg  body  is  Eiousted  the 
mechanism  for  rotatj,.ug  arid  raoving  the  crucible  up  ana  down,  ^  A  vacuum 
j-.p  oi’der  of  lO^^ist'.  ox'  scvercury  is  ffiamtamed  in  the  worltin^ 
cha-jber.  Ihs  tempei-ature  is  i-egolated  tae-nually.  In.  order  to 
avo"' d  vibrational  strains  in  the  lattice,  ferro-resonating 
stJiMlizers  are  included  in  the  electrical  circuitry  of  the  apparatus. 

Polyczystalline  ingots  which  contained  an  even  distribution 
of  3ilieo.ri  along  their  length  ware  used  to  feed  the  melt.  The 
ingots  ware  prepared  by  casting  the  melt  in  quarts  tubes  in  an 
argon  ataaosphere, 

mie  composition  of  the  feed  ingot  corresponded  to  that  of  the 
piiLled  inonocrystal.  Feeding  of  the  melt  be^n  soon  after  pulling 
begcin,  when  the  length  of  the  pulled  monocrystal  reached  5“5 

'Bie  pulling  -temperature  was  maintained  such  that  the  diameter 
of  the  crystal  grown  was  equal  to  that  of  the  feed  ingst. 
having  identical  diameters  in  the  gro*wn  and  the  feed  Ingots  the 


rate  of  their  oppositely  directed  moveiBent  was  kept  constant^  equal 
to  1.7  mm/icin.  tDie  rate  of  seed  rotation  was  five  revolutions/ rain 
and  the  crticibla  rate  was  10  revolutions/min.  ^  _ 

the  method  described^  10  aioRocrystaJ^lirie  irigoxs  of  germs-^ 
rJ  am-!iilicon  alloy  were  obtained  with  an  even  s;iJ.icon  distrxoui-xCii » 
Ihe  characteristics  of  samples  obtained  are  shown  in 
Ihble  2. 
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In  Fig.  5  monocrystals  are  shown  which  have  been  grown  with 
an  axial  groifth  orientation  of  [111].  In  Fi-g.  6  and  f  lauergrasio 
are  shown  that  were  taken  from  the  seed  and  the  crystal.  Ihe  elec¬ 
trical  resistivity  along  the  length  , varied  on  the _ average  between 
the  limits  of  6-8  percent  and  along  the  cross-section  it  reiaained 
practically  constaait. 

In,  alloys  conteining  silicon  up  to  2  at  .percent  the  specific 
resistivity  increases  shai^lj"  in  ccsaparison  to  that  of  the  starting 
mterial.  Ihe  lifetime  of  the  minority  carriers  is  2-3  times 
lower  thrri  in  the  original  gextsaniuDE  and  h-5  times  hi^er  than  in 
the  original  silicon. 

Conclusions 

1.  ISia  conditions  for  obtaining  monocrystallina  geriraniims- 
silieon  ingots  by  stationary  slow  cooling  were  studied.  Mono- 
cry.sta.ls  obtained  fcy  tihis  using  a  coolxng  speed  of 

hcuiy  have  a  sharply  defined  gradient  in  distribution  of  silicon 

arid  electrical  resistivity. 

2»  A  Bsthod  was  worked  out  for  obtaining  homogeneous 
genaaniuCi-silicon  alloy  nionocrystals  by  using  continuous  feeding 
of  the  melt  during  crystal  growth.  Monocrystals  were  obtained  by 
this  method  with  sn  even  distribution  of  sil-xcon  and  vfx  s>h  the  sanis 
electrical  resistivity  in  the  cross-section  as  in  the  length. 
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